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Abstract：Inthispaper,asimplc,convenientandpracticalselfadaptivedynamicoptimizingmethodfOranextremum
controlsystemisprcsentedtosolveanevcrevadingprobleminpracticalindustrialprocessesbyusingthcpreviousmethod
Theproblemisthataccurateidentificationoftheparametｅｒｓｏｆｌｉｎｅａｒｐａｒｔｉｎｔｈｅｃｘｔｒｅｍｕｍｖａluecontrolsystemistoo
difficult，cvenitsorderisdifficulttoobtainaccurately・Ｔｈｅｎｅｗｍｅｔｈｏｄｉｎｔｈｉｓｐａｐｅｒｏｎｌｙｎｅｅdsmuchlessapriori
infOrmationconcerningthecontrollcdplant，onlyknowingitenoughthatthelincarpartofthecontrollcdplantcoulｄｂｅ
ａpproximatedbyacascadeoflstordeｒｏｒ２ｎｄｏｒｄｅｒｄｙｎａｍｉｃｃｌｃｍｅｎｔａｎｄａｐuretimedelayelement・Theresultof
simulationstudyindicatcsthat・itispracticaltosubstimtearealaccuratedynamicelementsofhigherｏｒｄｅｒｂｙａｃａｓｃａｄｅｏｆａ
ｌｏｗｅｒｄｙｎａｍｉｃｃｌｅｍｅｎｔａｎｄａｐｕｒｅｔｉｍｅｄｅｌａｙｃｌｅment・Ｔ１１ｅｏｐｔｉｍｕｍｐointofcontinuousdriftcouldbewellsoughtand
trackableintimebyusingthissilnpleandpracticalselfadaptivcdynamicoptimizingmethodlnthoserealindustrial
processes，theirparameters，cventheirordersofthecontrollcdplants，aredifficulttoobtainaccurately,thissimpleand
practicalmethodcanautomaticaUynotonlyidentifytheparamctersofthecontroUedplant,butalsoadapttothedriftofthe
parametcrs・Itismoreimportantthatbyusingthismcthodtheaprioriinfbnnationofthecontrollcdplantneedsgcttingmuch
less,adjustmentofcontrollcrparametersbecomesmuchsimplerandmuchmoreconvenicnLItsspccialeffectofcontrolis
easiertoberealizedinthercalindustrialprocesses
Keywords：selfadaptivedynamicsearch;simplificationmodel;drifi;practicability
LIntroduction
Astotheextremumvaluecontrolledplant，a
self-adaptivedynamiCoptimizingmethodis
presentcdinreferencｅ［1]，whichissuccessfUlin
solvinganeverevadingdifficultyinpractical
industrialprocessbyusingtheconventionalmethod，
andinkeepingthecontinuityandstabilityofthe
controlsysteminoperationAftertheparametersof
thecontrolplantdrift，ｔｈｅcontrolsystemcannot
workwellsoithastostoptoidentifytheparameters
ofthecontrolplantandtoadjusttheparametersof
thecontrolsystemagainbyusingtheprevious
methodTheoutstandingadvantageofthe
self-adaptivedynamicoptimizingmethodisthatit
canautomaticallynotonlyidentifytheparametersof
thecontrolplant，ｂｕｔａｌｓｏａｄａｐｔｔｏｔｈｅｄｒｉｆｉｏｆｔｈｅ
ｐａｒametersduringthesearchprocessfOrtheoptimum
poinLTherefOre，ｔｈｅcontinuityandstabilityofthe
controlsysteminoperationiseffectivelyguaranteed
Itsbasicideaisbrieflyintroducedinthenextsectioｎ
2.Briefreviewofthepreviousmethod
Letastep-by-stepcontrollerbeusedinthe
extremumvaluecontrolsystem、Assumingthe
step-by-stepperiodTbischangeless,theextremum
valuecontrolledplantmaybeexpressedasacascade
,こ ｙＸ ＺG③
FiglBlockdiagramofextremumvalue
controlsystem
fOrmofanon-linearelementandalinearelementas
shoｗｎｉｎＦｉｇ・l
AssumingthatthetransferfUnctionoflinearpartin
theextremumvaluecontrolsystemisgivenas
lG(3)＝(IHS＋,)(Ｔｉｓ＋,)…(Tﾊﾉｓ＋,） （１）
Tl〉ｚ〉Ｌ……〉Z)v〉0．
thecorrespondingunitstepresponsefUnction
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sgn[△x"]＝sgn[A｣Zr2ﾉv+l△)(("￣1)]，
wheresgn[x］impliesthesignofjMnd
becomesasfbllows：
Ⅳ＿Ｌ
力(t)=４０+ZAie'１，Ａ｡＝G(s川｡=1,and
ｉ＝１
A戸(叶岩):G(ﾙｶﾞｰl伜｡凡 （２）n
Iftime'isquantizedwithstep-by-stepperiod7b,it
thenbecomes
Nh(『)=l+ZAie-・it，αi＝Tb/ＴＭ＝1,2,…,Ｎａｎｄ
ｉ＝１
（３）７＝'/Tb、
Assumingeachstep-by-stepperiodisdividedinto
２ⅣequalintervalSasshowninFi9.2,thesample
valuesaretakenateverydividingpoint・ＺⅣ＋ｌsample
valueswouldthenbeobtaine｡,andthepre-estimating
comparativｅｐｏｉｎｔｉｓｔｈｅｆｉｒｓｔｓａｍｐｌｉｎｇｐｏｉｎｔａftera
probingstep．
(4)
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ｌｔｃａｎｂｅｆｂｕｎｄｆｉＰｏｍＥｑｓ.（４）ａｎｄ（５）thatthe
expressionofjudgingthestep-by-stepdirectionis
independentofthetimeconstants，Ｔｌ，７１…7}v,ofthe
dynamicelementsSoslowvariationofthese
parameterswithtimeｃａｎｎｏｔaffectthecorrectnessof
thejudgingexpressionatalLInotherwords,Ｅｑ.(4)
canadaptautomaticallytothevariationofthe
parametersinthecontrolledplantTherefbre，ｔｈｉｓ
ｍｅｔｈｏｄｃａｎｂｅｋｎｏｗｎａｓａｓｅｌｆＬａｄaptivedynamic
optimizingmethod［5],[6lTheextremumvalue
controlsystemdesignedwiththismethodcould
automaticallynotonlyidentifytheparametersofthe
controUedplant，ｂｕｔａｌｓｏａｄａｐｔｔｏｔｈｅｉrvariations、
Howeverlltisalsoverydifficultonlytoobtainthe
accurateorderofthelinearpartoftheextremum
valuecontrolledplantinrealindustrialprocesses,let
aloneobtainingtheparametersｏｆｔｈａｔｌｔｉｓｋｎｏｗｎ
ｆＴｏｍＥｑｓ.(4)and(5)thatJudgementofthedirection
ofthestep-by-stepincreｍｅｎｔｉｓｏｎｔｈｅｂａｓｉｓｏｆ
△Ｚ２Ⅳ+,andisindependentofitsabsolutevalue、
HoweverltheabsolutevalueofAZ2Ⅳ+，ｉｓｂｉｇｇｅｒｏｒ
ｓｍａｌｌｅｒｍｅａｎｓｔｈａｔｔｈｅｃapabilityofresistance
againstdisturbanceisstrongerorweaker[3],[4］If
samplepointsarestrictlydividedonthebasisofthe
orderoflinearpartinthecontroUedplant,thebigger
thenumber2Ⅳofsamplepointsinastep-by-step
periodareasthebiggertheorderⅣofthecontrolled
plantbecomes・ＡｓｓｕｍｉｎｇａｓａｍｐｌｅｐｅｒｉｏｄｉｓＡｊ，
thenthetimeintervalofbothadjoiningsamplepoints
is△ｎ△ノー７ｂ／２Ⅳ､Ｔｏｏｂｉｇ２Ⅳmustｍａｋｅ△′
becomeverysmaUandmakeAZ）ａｌｓｏｂｅcomevery
smalI,ｓｏlettheabsolutevalucofAZ1v刊becomc
verysmalLAccordinglylthecontrolsystemisvery
pooragainstdisturbance・Arathersmalldisturbance
1LごE‘ ＺⅣ＋Ⅱ
＋Ｉ
"-2･鵲・-ｺ･論…”-2.2坐．－０１脚”－１.翁〃-2･命…、－コ
ｌｂ
△Ｚ２ﾉv+,：ｐ1℃-estimatingdifferencevalueofthe
systemoutputiftheprobingstep
isnotexertedatノー〃－１
ＡＺ２Ⅳ+,：therealdiffbrencevalueofthesystem
outputastheprobingstepisexeｒｔｅｄａｔ
ノールー１
ヘリ
△Ｚ２Ｎ+,：thedeviationinvaluebetweenthereal
differencevalueandthepre-estimating
differencevalueofthesystemoutputat
thecomparingpoint．
Fig2Diagramshowingselfadaptivedynamic
optimizingalgorithm
Asgiveninreference［lLthecomparingvalue
becomes8
Sincethedirectionofthestep-by-stepincrement
canbedetenninedbyusingEq.(4)withtheoutput
samplevalues，theexpressionofjudgingthe
step-by-stepdirectionisasfbllows：
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valuecontrolsystem、ＩｎＦｉｇ５(a),'3＞ｊ２＞'１，the
extremumvaluepropertycurvedriftswithtime／
owingtothedisturbance,andtheoptimumpointalso
driftswiｔｈｔｉｍｅ/､Fig.５（a）showstheprocessof
searchingandtrackingtheoptimumpointwhich
continuouslydrifts・Fig.5(b）ｓｈｏｗｓｔｈｅｔｉｍｅ
ｂｅｈａｖｉｏｒｓｏｆＺａｎｄＸｉｎsearchprocess・Although
theoptimumpointofextremumvaluepropertydrifts
continuouslyowingtothedismrbance，itcanbe
fbundthat:theextremumvaluecontrolbyusingthe
selfadaptivedynamicoptimizingmethodisgoodat
searchingandtrackingitquicklyandeffectively・Itis
unnecessaryfbrthemethodtoidentifytheparameters
ofthelinearpartinthecontrolledplant・HoweveEit
isnecessarytoknowtheorderofthecontroIledplant・
Thesimplermethodtoknowlessaprioriinfbnnation
willbesimulatedincase2
Case2：Thesimulationisdonebyusingasimple，
convenientandpracticalmethodfbrselfLadaptive
examinationwhetherthecontrolsystemcouldwork
weIlornot．
Ｃａｓｅｌ：Accordingtotherealaccurateorderofthe
linearpartinthecontrolledplant，ｔｈｅｓｉｍｕｌａｔｉｏｎｉｓ
ｄｏｎｅｂｙｕｓｉｎｇｔｈｅｍethodofselfadaptivedynamic
optimizingpresentedinreference[1］
ForacontrolledplantofZndorderdynamic
element，itstransferfilnctionoflinearpartisas
fbllows： １ （９）Ｇ(s)＝(,＋T1s)(,＋YHS）
whereT1＝l00sanMH＝40s、
Theparametersofextremumvaluecontrollerused
insimulationaregivenasfbllows：
△x=0.2,Ｔｂ=40s，Ⅳ=2,and△ノー7b/2Ⅳ=10s、
Theresultofdynamicoptimizingisplottedin
Fig5・IntheplotteddiagramZXdenotes
respectivelytheoutputandinputoftheextremum
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behaviorsofZandXinsearchprocessTherealorder
oflinearpartinextremumvaluecontrolledplantis3，
inotherwords，Ⅳ＝3．Weapproximatethereal
higherorderandaccuratemodelbyacascadeof
lowerorderdynamicelementandapuretimedelay
elementSelectノＶ＝1,theparametersofcontroller
areasfbllows:△ｘ＝0.2,7b＝100s,△ﾉｰ7b/2/V=50s’
て＝45s・ItcanbefbundfiPomFig6thatalthoughwe
onlyusemuchlessaprioriinfbrmation，ｔｈｉｓsimple，
convenientandpracticalselfLadaptivedynamic
optimizingmethodisverygoodatsearchingand
trackingquicklyandefYectivelytheoptimumpointof
extremumvaluepropertywhichdriftscontinuously
Thisistheoutstandingadvantageofthisnewmethod
overothermethods・Aprioriinfbnnationwhichwe
onlyｎｅｅｄiswhethertheIinearpartofthecontroIled
plantmaybeapproximatedbｙａｃａｓｃａｄｅｏｆｌｓｔｏｒｄｅｒ
ｏｒ２ｎｄｏｒｄｅｒｄynamicelementandapuretimedelaｙ
element．
dynamicoptimization
Foracontrolledplantof3rdorderdynamic
element，itstransferfilnctionofIinearpartisas
fbllows：
ｌＧ(s)＝(,＋z1s)(,＋ｎs)(,＋ｚｓ） （10）
whercT1＝100s,Tl＝30sand兎＝10s・
AccordingtoEq．(6)，theapproximatetransfer
fimctionbecomesG(s)Ｗ鱈/1+T１Ｍ＝40s，the
simulationresultshows：ａｓ丁＝30ｓ～５５ｓ，the
extremumvaluecontroIlercanworkwelLItcan
automaticalIysearchandtracktheoptimumpointof
extremumvaluepropertywhichcontinuouslydrifts・
丁ｃａｎbeselectedinratherwide-rangevalue・
Obviouslynudgementisverysimpleandconvenient
intherealindustrialprocesses、Thesimulatedresult
ofr＝４５sisshowninFig6・
ＩｎＦｉｇ６(a)，ｒ３＞ｊ２＞/１，theextremumvalue
propertycurvedriftswithtimer，andtheoptimum
pointalsodriftswiｔｈｔｉｍｅ/,Fig6showstheresuItof
dynamicsearchingtheoptimumpointwhenthe
extremumvaluepropertydriftsalongtheverticaland
horizontaldirectionatthesametimelndiagram,Z
Xdenotesrespectivelytheoutputandinputofthe
extremumvaluecontrolsystemFｉｇ６(a)showsthe
processofsearchingandtrackingtheoptimumpoint
whichcontinuouslydrifts・Fig.６(b)showsthetime
6.Conclusion
Fromtheresultofsimulationsmdylitcouldconclude
thatthemethodofselfLadaptivedynamicoptimizing
isgoodatsearchingandtrackingquicklyand
effectivelytheoptimumpointofextremumvalue
propertywhichdriftscontinuously・Inthereal
industrialprocess，ｈｏｗｅｖｅＥｉｔｉｓｖｅｒydifficultto
obtainaccuratelytheparametersofthelinearpartin
ToshiroONo,GuoqiangLIandZhipingZHu160
theextremumvalecontrolledplant，anditisalso
difficulttoobtainaccuratelyitsorder､However,ｗｅ
ｍａｙｕｓｅａｃａｓｃａｄｅｏｆａｌｏｗｅｒｏｒｄｅｒｍodelofdynamic
elementsandapuretimedelayelementinsteadofthe
realhigherordermodeltobeoptimizeddynamically、
Thisisnotonlytogetverygoodeffect,butalsotodo
moreeasily，ｍｏｒｅconvenientlyandtodomore
simply･Theoutstandingadvantageofthepresent
methodoverothersisthattheaprioriinfOrmationof
thecontrolledplantneedsgettingmuchless・So
adjustmentbecomesmuchsimplerandmore
convenient・Furthermoreitsspecialeffectofcontrol
iseasiertoberealizedintherealindustrialprocesses．
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